OBJECTIVES: To examine the prevalence and changes in the prevalence of overweight and obesity among school children in Jena (Germany) in the last twenty years and to identify factors associated with childhood overweight. DESIGN: Cross-sectional surveys in 1975Cross-sectional surveys in , 1985Cross-sectional surveys in , 1995 and a household questionnaire in 1995. SUBJECTS: Children from schools in Jena, aged 7 ± 14 y, participated (1975 : 1002 boys and 1000 girls; 1985 : 781 boys and 753 girls; 1995 : 989 boys and 912 girls). MEASUREMENTS: Prevalence of overweight or obesity based on the 90th or 97th age ± and sex ± speci®c percentile of the body mass index (BMI) developed for French children. In 1995 factors examined in relation to overweight included birth weight, birth length, age ± class, number of children in household, occupation of the father, education of the mother and size of¯at (apartment). RESULTS: In boys the prevalence of overweight increased from 10.0 to 16.3% and in girls from 11.7 to 20.7% between 1975 and 1995. The prevalence of obesity increased from 5.3 to 8.2% in boys and from 4.7 to 9.9% in girls between 1975 and 1995. However, the peak in the increase of overweight as well as of obesity lie for both sexes between 1985 and 1995. Using logistic regression, statistically signi®cant associations with overweight were found for occupation of the father, birth weight in both sexes and additionally, for size of¯at in girls. CONCLUSIONS: Overweight and obesity are incresing health problems among Jena children. Further investigations are needed to explore the in¯uence of factors such as feeding pattern, food habits and physical activity on overweight. Special attention should be paid to the further social development in the society and to the link between low social class and overweight. Through such investigations effective preventive strategies could be developed.
Introduction
Childhood overweight and obesity are increasing problems in developed countries. Excess body weight in childhood is frequently associated with overweight in adulthood. A review of the literature from the USA, covering the years 1970 ± 1992, revealed that 42 ± 63% of obese school children become obese adults. 1 It has been demonstrated by many studies that overweight and obesity in children are linked to subsequent morbidity and mortality in adulthood. 2 ± 5 Furthermore it has been found, that the effect of adolescent obesity on adult morbidity and mortality appears to be independent of the effects of adolescent obesity on adult weight status. 6 Obese adolescents often suffer from a lower selfesteem, leading to long term psychological effects. Dietz stated that psychological consequences represent the most prevalent morbidity associated with obesity Ð psychological effects may both contribute to, and result from, obesity. 7 In addition, overweight during adolescence has important social and economic consequences. For example, it has been found that persons who are overweight are less likely to marry, complete fewer years at school, and have lower household income. 8 Because obesity has so many consequences for children, it is important to identify risk factors associated with the development of excessive weight. Past studies have linked overweight and obesity to socioeconomic factors. In general, studies in industrialised countries have shown that children in lower socio-economic classes are more likely to be overweight. 9 ± 11 In additon, the trend toward increased obesity is more marked among children of low socio-economic status. 12 Changes in the prevalence of overweight and obesity over time in children and adults have recently been investigated in different countries. 13 ± 15 In Germany there is no recent information available regarding the prevalence, or changes in prevalence, especially for children.
Data from three successive cross-sectional surveys (1975, 1985 and 1995) were used to examine the prevalence and changes in the prevalence of overweight and obesity in Jena school children. Especially interesting in these studies are the possible changes that occurred between 1985 and 1995. It is over this time span that the reuni®cation of Germany took place. In Eastern Germany (former GDR), where Jena lies, signi®cant changes in the living situation occurred over this time, possibly in¯uencing the physical development of the children. Jena is a university town with 100 000 inhabitants and the production of high-precision devices has a long tradition here. As a consequence of the reuni®cation a general transformation of the industrial pattern took place, with an increasing number of medium-size companies, an increasing service industry, but also an increasing unemployment. Many young women are out of work and their children grow up at home, whereas in the past most children went to a day nursery or a kindergarten. In addition, birth rates have decreased dramatically in eastern Germany, resulting in more one-child families. Whereas in 1988 approximately 2500 children were born in Jena, only around 900 were born in 1994.
In this study from 1995, birth length, birth weight and social factors were recorded to ®nd out determinants of excessive weight in children from Jena. In particular, if risk factors are identi®ed in childhood, it may be possible to intervene early and to develop effective preventive strategies.
Methods
Data of school children from three successive surveys Ð in 1975, 1985 and 1995 Ð were used for the analyses. In the three investigations, only schools which drew pupils from the centre of Jena were considered because the focus was on Jena school children. In these so-called`Altbau' areas the housing co-operatives provided a high continuity among inhabitants. The probability that the children and also their parents and grandparents were born in Jena, was thus likely in these areas in contrast to pupils from new housing blocks, or`Neubau' areas.
All children of these schools were invited to take part in the studies. Participation was voluntary, and both parental and student approval were obtained. In 1995, 5% of the children refused the participation in the study, whereas, in 1975 and in 1985 almost no-one refused to take part. Approximately 15 ± 20% of all Jena children aged 7 ± 14 y were included in each survey. In 1975 the sample comprised 1002 boys and 1000 girls, in 1985 of 781 boys and 753 girls, and in 1995 of 989 boys and 912 girls.
In all surveys the measurements were carried out in schools by well trained people following identical standardised guidelines. Body height was measured using a Martin anthropometer to the nearest millimetre, according to the technique described by Martin and Saller. 16 Body weight was measured to the nearest 500g, using a beam balance scale. During the measurements the children were dressed in light underclothes. No adjustments were made for clothing. The body mass index (BMI) was calculated as body weight (kg) divided by body height (m) squared.
In the analyses the estimation of the prevalence of overweight and obesity is based on BMI percentile curves for French children from Rolland-Cachera et al, 17 as recommended by the European Childhood Obesity Group. 18 For this study, the prevalence of overweight is de®ned as the percentage of children whose BMI was above the 90th age-and sex-speci®c percentile.`Obesity' included children whose BMI was greater than the 97th age-and sex-speci®c percentile.
In addition to the anthropometric examinations of the survey, in 1995 social and background data were obtained by questionnaires ®lled out by parents. After collection, the data were categorised for the analyses. Social and background characteristics included birth weight (divided into four categories) and birth length of the children, number of children in household, occupation of the father and education of the mother. The occupation of the father was categorised as`manual worker' and`highly quali®ed' (persons with a university degree or high-school diploma). The educational level of the mother was determined according to the length of school attendance, and was coded into three categories.`Low' means ®nish-ing school before or after eight years.`Middle' means ®nishing school after ten years and`High' means ®nishing school after twelve years. We also asked for the size of the¯at (apartment) as a factor indicating the social standard of the family. (In Germany, especially in the eastern part, most people live in rented¯ats). The size of the¯at was divided into four categories: 65 m 2, 66 ± 80 m 2 , 81 ± 100 m 2 and b 100 m 2 . Because of technical reasons approximately 50% of the children (497 boys and 534 girls) were included in the questionnaires. The w 2 test revealed no differences in the prevalence of overweight between children included in the questionnaires and children not included (boys: P 0.495, girls: P 0.224), indicating no bias in our selection of subject.
Statistical analysis
Trends in overweight and obesity prevalence among surveys and sexes were tested by using w 2 test and w 2 trend test for categorical variables. The distribution of social and background variables by weight status were examined. Weight status resulted from dichotomising BMI according to the de®nition of overweight described above. Associations between social and background variables and weight status were explored using w 2 test for categorical variables and Student's t-test for birth length. Correlations among explanatory variables were determined using Spearman's rank correlations coef®cient.
A logistic regression model was ®tted in order to simultaneously assess the age-adjusted effects of Overweight among German children K Kromeyer-Hauschild et al social and background variables on the weight status in the survey in 1995. By means of a backward stepwise procedure, variables not signi®cantly contributing to the ®t of the model, as indicated by changes in the log-likelihood of successive hierarchical models, were eliminated. Because interactions between sex and other explanatory variables could not be excluded, models were ®tted separately for boys and girls. Statistical inferences were drawn at a signi®cant level of 5%. Analyses were performed using SPSS (SPSS Inc., Chicago, IL) software. Table 1 gives the means, standard deviations, and median values for body mass index by age and sex in 1975, 1985 and 1995.
Results

Prevalence of overweight and obesity
Estimates of the prevalence of overweight and obesity for the different surveys are shown in Table 2 . In both sexes the prevalence of overweight and obesity increased between 1975 and 1995. However, the peak of this increase was between 1985 and 1995.
In all surveys the prevalence of overweight is higher for girls than for boys ± these differences were signi®cant in 1995.
For girls a marked increase in the prevalence of obesity could be traced. Between 1975 and 1995 the absolute increase was 5.2% and the relative increase was b 100%.
The prevalence of overweight and obesity according to age of the children is shown in Table 3 .
Characteristics associated with overweight
In Table 4 the distribution of the recorded social and background variables by weight status are shown. For birth length, the mean values and standard deviations were calculated. Several factors differed signi®cantly between overweight and non-overweight children. In the group of overweight children, there were more girls than boys. Overweight children had a greater birth weight than non-overweight children and belonged less frequently to families with a highly Overweight among German children K Kromeyer-Hauschild et al educated mother or a father with a university degree or high-school diploma. Several of the social and background factors were correlated ( Table 5 ). The occupational level of the father correlated positively with the educational level of the mother, the number of children in the family and the size of the¯at. There were also positive correlations between the size of the¯at, the number of children in the family and the education of the mother. As expected, birth length and birth weight were highly positively correlated. Table 6 demonstrates the age-adjusted effects of those variables which contribute independently to the prediction of overweight by means of logistic regression models. An odds ratio of one denotes the respective reference category.
Among boys, after elimination of non-signi®cant contributors, variables remaining in the model were occupation of the father and birth weight. The highest odds ratio was shown for the occupation of the father. In boys whose fathers are manual workers, the chance of being overweight was more than doubled. Refers to midpoint of the year interval. 
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Among girls, in addition to birth weight and occupation of the father, the size of the¯at was a factor signi®cantly related to overweight. Although statistically signi®cant effects of the single categories of¯at size could not be shown, a trend can be seen. Girls living in the smallest and the largest¯ats are more likely to be overweight compared to children living in medium-sized¯ats.
Compared to the reference level, in girls the highest odds ratio was found for a birth weight greater than 3500 g, which increases the chance of overweight nearly three-fold. In both sexes, children with higher birth weights showed a higher chance of being overweight. This association was stronger in girls, because the odds ratio increased monotonously with increasing birth weight category.
The occupation of the father was also an important predictor of overweight in girls.
Discussion
The present study shows that the prevalence of overweight and obesity increased in Jena school children between 1975 and 1995, especially between 1985 and 1995.
The prevalence estimates of the present studies are not comparable to other studies because of the lack of single widely accepted de®nitions of childhood overweight and obesity. Depending on the de®nition (BMI, skinfold measurements, weight-for height relations, etc), the cut-off points (85th percentile, 90th percentile) and reference population used, 5 ± 20% of children and adolescents are characterised as overweight. 19 ± 22 In the USA, childhood overweight and obesity is increasing at an alarming rate. In the Bogalusa Heart Study, a long-term epidemiological study of cardiovascular disease risk factors in childhood, Shear et al 23 found an increase of the prevalence of overweight in 5-to 14-year-old US children from 15 to 24% (based on the 85th percentile of the ponderal index) between 1973 and 1984. Data collected at the National Health and Nutrition Examination Surveys (NHANES), indicate that the prevalence of overweight doubled among children and adolescents in the US between 1963 and 1991, with most of the increase occurring after 1980. 24 Hill and Trowbridge 25 stated that the threat of obesity was greater than ever for children and adolescents in the US. They predicted Overweight among German children K Kromeyer-Hauschild et al that the current generation of children would grow into the most obese generation of adults in US history. The increase in the prevalence of overweight and obesity among Jena children was at its peak between 1985 and 1995. This rapid increase in the lasts ten years may be linked to transitions in lifestyle and the economy in the process of reuni®cation of Germany in 1989, mainly in the former socialist East Germany, in which Jena is located. Until 1989 the living situation of the population of the former GDR was typical of a socialist country, and therefore bordering on the standard of living in a developing country. For example the cost of luxury foods such as chocolate was high, and the availability low. Latest trends in lifestyle characterised by changes in the diet (increasing availability and consumption of, for example sugar-containing drinks, chocolate, snacks, fast foods) and increasing passive entertainment through television and computers could contribute to overweight and obesity. A logical mechanism exists to explain latter associations: time spent viewing television is time away from physical activities. In addition, children are often snacking while watching television (and consuming food advertised on television). Using data collected during the National Health Examination Survey in the United States, Dietz and Gortmaker 26 have shown that time spent viewing television in children 6 ± 11 y of age proved to be the most powerful predictor of the development of obesity during adolescence.
In the study in 1995 social factors, birth length and birth weight were recorded to determine correlations of excessive weight in Jena children. Before considering the results, some remarks concerning the social factors investigated should be given. In the present analyses one of the factors used was educational level of the mother, because the occupation of the mother is seldom associated with her education. Many studies have shown that educational level of the mother is important for the living standards of the family (health behaviour, feeding practices and care of the children), 27, 28 whereas occupation of the father is a greater determinant for the available family income. In addition, size of the¯at and number of children in the household should classify the social situation of the family in our study. Precise information describing household income is not available in this study.
Factors found in this study associated with overweight were birth weight and occupation of the father in both sexes, and additionally size of¯at in girls.
Higher birth weight was associated with increasing risk of overweight in our children. Seidmann et al 29 similarly demonstrated in their study a correlation between high birth weight and high BMI at 17 y of age. Rasmussen and Johansson 30 found that high birth weight in addition with normal birth length and also high birth weight in addition with high birth length for gestational age were risk factors for overweight and severe overweight among young men in Sweden.
It is likely that birth weight could have both genetic and environmental components, but in most studies it was shown that genetic factors play only a small part in determining birth weight. 31, 32 Birth weight is largely in¯uenced by environmental conditions. For example, maternal prepregnancy weight status as well as weight gain during pregnancy correlates with birth weight. 33 High birth weight may be a result of prenatal overnutrition. 34 Twin, family or adoption studies have indicated that genetic factors have a major impact on overweight and BMI (review of the literature by Maes et al 35 ) . These genetic in¯uences require a suitable environment in order to be manifested. The lifestyle of obese parents (physical activity, food habits) increases the risk of a child being overweight or obese. The environment of a subject is linked to social factors. Low social class is associated with unhealth lifestyle habits, for example children may consume a less prudent diet'. 36 There is a controversial relationship between social factors and overweight in the literature. Whereas among adults an inverse relationship between socioeconomic status and overweight is found frequently, studies of children ®nd a weaker and less consistent relationship. 15 However, these relationships are found more frequently in girls than in boys (as shown in this study). A number of studies have shown an inverse relationship between the level of parental education and overweight, 37, 38 similar to the association between occupation of the father and overweight found in the present study. In contrast to this ®nding some studies report that higher parental income is associated with higher risk of child obesity. 21, 39 The causal linkages that explain these different ®ndings are lacking. Whereas income may re¯ect the access to food, factors such as the parents' level of education may re¯ect the ability of parents to arrange a healthy lifestyle (eating habits, adequate physical exercise).
Overprotection and overfeeding are the probable mechanisms to explain the higher risk of child obesity in families with a higher income. The inverse relationship between the number of children in the family and overweight found in a number of studies 21, 40, 41 may also be caused by overprotection of single children. The lack of evidence showing the relationship between this factor and overweight in our study may be a result of the correlations between the different social factors. In our study a nonlinear relationship between size of¯at and overweight was found in girls, but the mechanism of this association remains unclear. This and the different ®ndings in studies dealing with social correlations of overweight show that causal linkages can only be detected with complex studies.
Increased overweight and obesity in Jena children between 1985 and 1995 may not only be contributed to by the above described changes in lifestyle, but may also be linked to changes in the social situation observed in East Germany during this period. Increased social inequality with increasing poverty Overweight among German children K Kromeyer-Hauschild et al may be an explanatory factor in increasing excessive weight. Several factors limit the interpretation of the results. Because the study is cross-sectional, the correlates identi®ed cannot be interpreted as causally associated with overweight. In addition, we could not study the dynamics of weight gain in relation to growth. It was found that early maturation may represent an additional biological determinant of obesity. 6 As a consequence, children should be followed longitudinally to ®nd out key stages in the development that are related to the development of overweight and obesity later in life.
Further, only the BMI was used to approximate adiposity. BMI may not be an ideal indicator of adiposity status, because it re¯ects not only body fat, but also bone, muscle, and other lean tissues. In fact, other methods for example skinfold thickness measurements, bioelectric impedance) are impractical for large-scale studies. Despite its limitations, the BMI has been put forward as a means of screening for overweight and obesity.
In Jena children it has been shown that, parallel to the increase in BMI, there has been a clear increase in the overall subcutaneous fatness (sum of biceps, triceps, subscapular and suprailiac skinfolds) between 1985 and 1995. 42 
Conclusion
Finally, in the present study, many social factors were taken into account but there was no information about family history of obesity and no factors indicating the lifestyle. Additional research is needed to explore the in¯uence of other factors as feeding pattern, food habits, physical activity, and parental BMI.
A worthwhile follow-up study would be to investigate children in western Germany and to compare the prevalence in overweight and obesity between children in eastern and western Germany. The results of such an examinaton could support the ®ndings of this study in Jena, and could also suggest any national correlation between social factors and overweight and obesity. This would enable the development of preventive strategies.
